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Objective: To study the long-term survival patterns of patients ubjected to surgery for lower limb ischaemia. 
Design: A retrospective clinical study. 
Setting: University Hospital. 
Materials: A series of 1411 patients older than 50 years operated on for all stages of lower limb ischaemia. 
Chief outcome measures: Observed and expected long-term survival rates were calculated. Relative survival, defined as 
the ratio of the observed to the expected survival rates, was studied for age influence. 
Main results: The observed 10 year survival rate of 26% was significantly lower than the expected of 49%. Although 
women were 8 years older than men at the time of the operation they had similar long-term survival and relative survival. 
An inverse proportionality was found between the patient's age at the time of the operation and relative survival. The young 
patients experienced a 10 year mortality rate three to four times the expected, while the older had a mortality that was 
elevated 25-50% from the expected. 
Conclusions: Patients operated on for lower limb ischaemia experience a significantly lower long-term survival than that 
of a demographically matched population. This relative survival is significantly influenced by the patient's age at the time 
of the operation. 
Introduction 
Patients diagnosed with occlusive atherosclerotic arte- 
rial disease of the lower limbs have been shown to 
have similar lesions elsewhere in the vascular system. 1 
Largely due to the coronary and cerebral artery 
disease, these patients experience shorter long-term 
survival when compared to the general population. 2 
The purpose of the present study was to investigate 
the patient's age at the time of the operation for 
influence on survival patterns following surgery for 
occlusive arterial disease of the lower limbs. 
Patients and Methods 
Operative mortality and long-term survival were 
investigated in 1411 patients operated on for lower 
limb occlusive atherosclerotic disease over a 20 year 
period from 1974 to 1993. The relative survival rate 
was calculated as the ratio of the observed survival 
rate to that of a demographically matched popula- 
tion. 3 All stages of acute and chronic limb ischaemia 
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were included. The investigation was restricted to 
patients of 50 years or older at the time of the 
operation. Each patient entered the study when they 
had their first vascular econstruction performed. The 
influence of the patients' ex and the age at the time of 
the operation on long-term survival and on relative 
survival was examined. 
Complete data on the occurrence and the time of 
death were supplied by the Norwegian Registrar's 
office for births and deaths. Long-term survival was 
calculated using the life-table method and illustrated 
as Kaplan-Meier curves. The expected survival rates 
of age and sex matched populations were calculated 
from death-rate tables issued by the Norwegian 
Central Bureau of Statistics, who also provided infor- 
mation on the causes of death of the patients. 4 
Statistical significance of different long-term survival 
between subgroups was examined with the log-rank 
test. Divergent survival rates from the expected were 
assessed with the Mantel-Haenszel's test, s and the 
differences in relative survival between subgroups 
were evaluated with a proportional hazards test based 
on a multiplicative model. 6Statistical significance of 
differences in continuous data between subgroups 
was assessed with the unpaired Student's t-test. 
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Categorical data were compared using Pearson's Chi- 
squared test. The 10 year observed and expected 
survival rates were calculated for all the patients and 
for men and women separately. The patients were 
then divided into seven different age groups (50-54 
years, 55-59 years, 60-64 years, 65-69 years, 70-74 
years, 75-79 years and those over 80 years) and the 
observed and the expected 10 year survival rates were 
assessed. The deviation of the 10 year mortality rate 
from the expected was then estimated for each age 
group. The influence of age on relative survival for 
each category of patients could then be studied. Systat 
(Macintosh) and Excel were used as software for the 
statistical and mathematical computations. 
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Fig. 2. Causes of death in the study group and in the general 
population. (B) patients; ([~) general population. 
Results 
The median age of all the patients in the study was 69 
years (Range: 50-102 years). The series consisted of 
931 men with median age 67 years and 480 women 
with median age 75 years at the time of the operation. 
This difference in age was statistically significant 
(p < 0.01). The sex distribution in each age group is 
illustrated in Fig. 1. The operative mortality was 5.8%, 
and of these 60% suffered cardiac or vascular deaths. 
The median follow-up time was 37 months (Range: 
1-248). Of the 878 deaths registered uring follow-up 
57% were due to cardiac or vascular diseases. This is 
significantly higher than the proportion of 47% seen in 
the general population (p < 0.01) (Fig. 2). 4 
The 10 year observed and expected survival rates of 
all the patients were 26% and 49%, respectively. A
statistically significant 45% elevation of the mortality 
rate from the expected was calculated (p < 0.01). This 
relation is illustrated in Fig. 3. The significance is 
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Fig. 1. Sex distribution i the specified age groups. (B) males; ([]) 
females. 
emphasised by specifying the 95% confidence limits of 
the estimated survival rate. Despite an age difference 
of 8 years between men and women at the time of the 
operation they experienced similar long-term sur- 
vival. As the expected long-term survival was found 
to be the same in the two groups, no difference in 
relative survival was recognised between men and 
women. The observed and the expected 10 year 
mortality rates are plotted against the age of the 
patient at the time of the operation in Fig. 4. All age 
groups showed a significantly higher mortality rate 
than the expected (p<0.01 in every group). The 
mortality rate was elevated about 25% above that 
expected for patients of 75 years or older. The younger 
patients experienced a mortality rate three to four 
times that expected. The influence of the age of the 
patient at the time of the operation on the 10 year 
mortality rate divergence from the expected is illus- 
trated in Fig. 5. The difference in relative survival 
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Fig. 3. Observed and expected long-term survival of all the patients. 
( ) observed mortality; (-- -- --) expected mortality. 
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Fig. 4. Ten year observed and expected mortality rates related to the 
age at the time of the operation. ( ) observed mortality; 
( ) expected mortality. 
noted between the younger and older patients was 
found to be statistically significant (p < 0.01). 
Discuss ion  
In the present paper patients operated on for all stages 
of chronic limb ischaemia have been studied as one 
group. We have previously reported on varying 
survival patterns of different patient categories suffer- 
ing from atherosclerosis. This lack of homogeneity 
represents a problem in the interpretation of the 
results. 7However, this compromise was preferred as 
the main purpose of the study was to focus on the age 
of the patient at the time of the operation for 
influenced relative survival. Enough patients could 
thereby be included to allow a meaningful stratifica- 
tion by age. Patients who are operated on for lower 
limb ischaemia before the age of 50 years are few and 
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Fig. 5. Divergence ofthe 10 year mortality rate from the expected 
related to age at the time of the operation. 
they represent the extreme. Furthermore, in this group 
a considerable number of patients have developed 
limb ischaemia from causes other than atherosclerosis. 
These patients were therefore excluded from the 
study. The women were 8 years older than the men at 
the time of the operation. This observation has been 
stated several times in literature. 7'8 The divergent age 
distribution of men and women seen in Fig. 1 
illustrates the dominant male proportion among the 
younger patients. The ratio is altered with advancing 
age, and among the oldest patients most women were 
operated on. Such an interchange is not surprising as 
women by far outnumber men in the older age groups 
due to their more extended life span. 4
A significantly higher proportion of deaths related 
to atherosclerotic diseases were observed in the study 
group when compared to the general population. This 
observation agrees with previous reports. 9 The 
exceeded mortality caused by atherosclerosis is some- 
what compensated by a reduction in cancer deaths. 
Possibly; potentially lethal atherosclerotic lesions pre- 
vent these patients from reaching the age where 
malignant diseases become more prevalent. An 
observed 10 year mortality rate 45% above the 
expected is less than many authors report. 2'~°'1~ One 
reason for this discrepancy is the exclusion of the 
younger patients as relative survival is markedly 
lower at younger age. Furthermore, when survival is 
studied over a long period of time the slope of the 
Kaplan-Meier curve tends to decline despite a con- 
stant mortality rate, as illustrated in Fig. 3. The early 
and late mortality rates were found to be equal in the 
present series. The linearity of the curve representing 
the expected long-term survival is explained by an 
increasing mortality rate with time, as the studied 
population ages. 
The median age of the women was significantly 
higher than it was for men. However, due to the 
longer average life-time of women no divergence in 
the expected survival rates was noticed between the 
two groups. As similar observed long-term survival 
rates were found the relative survival did not differ 
between men and women. A significantly lower 
relative survival was noted among the younger 
patients compared to the older. This tendency has also 
been observed by others. 1°'12 The present study was 
aimed to quantify the age influence on relative 
survival. As illustrated in Fig. 4, both the observed and 
the expected 10 year mortality rates increased with 
advancing age at the time of the operation. However, 
the difference between the observed mortality rate 
and the expected was significantly more salient 
among the younger patients than among the olden A 
significantly better relative survival is thus indicated 
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among the older patients compared to the younger. 
This relationship is shown in Fig. 5. The younger 
patients had a 10 year mortality rate 200-300% above 
that expected, while the older patients experienced a 
more modest 25-50% elevation. This powerful, and 
nearly linear, impact of the age at the time of surgery 
on relative survival of patients operated on for arterial 
occlusive disease of the lower limbs has, to our 
knowledge, not been described in previous 
literature. 
In conclusion, patients operated on for occlusive 
atherosclerotic disease of the lower limbs experience a 
poorer long-term survival than the general popula- 
tion. This shortening of the expected life-span is 
significantly influenced by the age of the patient at the 
time of the operation. Although the operated women 
were significantly older than the men, no significant 
difference in relative survival was seen between the 
two groups. 
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